The presence of genetically based difference in drought stress tolerance is a key for breeding cultivars with enhanced tolerance to water stress by selection and breeding. In order to achieve such evidence in Gossypium hirsutum, 90 genotypes were evaluated for growth and productivity traits in randomized complete block design (RCBD) with three replications. The genotypes were evaluated under well watered (W1) and water stressed conditions (W2). From the variance analysis, significant differences were detected among varieties for seed cotton yield, boll number, boll weight, number nodes and plant height. The data indicates that the numbers of formed bolls in water stressed were less than that in non-stress conditions, and significantly correlated with seed cotton yield. High heritability and high genetic advance was also found for certain traits. Some genotypes were ranked top on the basis of plant height and number of nodes, while others ranked well on the basis of seed cotton yield. Hence, to become clear of this difficulty, selection index was performed by giving an equal weight to all the growth and productivity traits studied. Index ranked all 90 genotypes from top to low and revealed that MNH-6070, MNH-552, SLS-1, MNH-812, MNH-806, MNH-636, FH-113, 4 F, MS-40, CIM-1100, 1021(Kivi), L.S.S, MNH-807, FH-682, 841/52 were the top 15 genotypes more tolerant and stable at drought stress condition.
INTRODUCTION
Currently, agriculture is facing a great threat from the risk of climate change. The productivity of the agriculture is also being seriously affected as a significance of key changes in the pattern of temperature and rainfall. It is expected that such changes will affect water availability to plants, especially for those native to the arid and semiarid tropics (Giorgi, 2005) . The genus Gossypium L. has long been the focus of genetic and breeding research. Cotton is one of the first species to which the Mendelian philosophies were applied and has a long history of *Corresponding author. E-mail: dahababdelhafiz@yahoo.com.
progress through breeding with continual long-term yield gains. Gossypium contains at least 45 diploid and five allotetraploid species. The upland cotton (Gossypium hirsutum L., 2n = 52), one of four cultivated Gossypium species, is the world's important fiber crop, providing natural fiber for the textile manufacturing (Endrizzi et al., 1985) . Cotton is grown commercially in the tropical and subtropical zones of more than 50 countries worldwide (NAAS USDA, 2009) .
Plant breeding programs develop populations for variety development from crosses within locally adjusted germplasm. For understanding genetic diversity, population structures are of great significance in breeding programs for the additional utilization of cotton genetic diversity in the development of superior cultivars that combine the positive qualities conditioned by this diverse germplasm. Most of the cultivars from current cotton plants have been developed under irrigated conditions and have experienced intensive selection to increase the yield and value of the fiber produced, as well as screening to obtain the most adequate genotypes for mechanized harvesting and processing, which are often improved under irrigation conditions (Rosenow et al., 1983) . A cotton crop needs an adequate amount of water for its normal development. Due to the shortage of good quality irrigation water, the crop experiences severe water deficiency, thereby resulting in reduction of crop yield. This can be more critical due to excessive with drawal of ground water and reducing irrigation water resources in the future (Ullah et al., 2008) .
Currently, water availability for use in agriculture is gradually becoming limited and costly; creating apriority impetus for research projects that can find genotypes with more effective and/or tolerance to water-stress circumstances. Thus, identifying morphological traits that can be assessed easily can characterize accessions in germplasm banks and may support cotton breeding programs in finding cultivars that are more tolerant to water stress or that may be used in the preliminary stages of a breeding program (Ullah et al., 2008) . Pakistan is mainly an agricultural country, as agriculture is vital to the country's economy, accounting for a share of 23% in the gross domestic product (GDP) and employing 44% of the labor force. Presently, Pakistan is facing a severe problem in national food security because of the loss of valuable arable land caused by drought, water logging and salinity. In addition, it is estimated that every day, about 500 acres of farm land are taken out of agriculture due to expansion of roads, factories and urbanization according to Qureshi and Barrett-Lennard (1998) .
Drought tolerance and susceptible cotton genotypes were studied under field environments. Burke (2007) identified varietal differences in cotton responses to available soil water under field and greenhouse conditions. It was found that varieties differed in their response to the physiological traits under both watered and water-stress conditions. Studies on evaluating the responses of five hybrid varieties of cotton to moisture stress in the field for their relative tolerance to drought revealed that moisture deficit adversely affected the chlorophyll stability index and nitrate reductase activity (Kar et al., 2005) . Water stress causes the most critical effects at the flowering stage rather than vegetative and ripening stages (Kar et al., 2005) . Therefore, improving regular screening of available genotypes is essential. This screening of germ plasm for drought tolerance needs some selection criteria, which can clearly differentiate tolerant and susceptible genotypes.
Thus, the objectives of this study were to: (i) determine genotypic differences among cotton genotypes for growth and productivity traits in response to water stress and (ii) Dahab et al. 4935 select the tolerance genotypes for further conventional and molecular breeding. The information obtained from this study will support the existing record obtained from other productivity and physiological traits in cotton which will be helpful in selecting drought-tolerant genotypes.
MATERIALS AND METHODS
Cotton seeds of 90 different genotypes of G. hirsutum were collected from the Central Cotton Research Institute (CCRI) Multan, Pakistan, and Cotton Research Station Multan, Pakistan. These 90 cotton accessions of G. hirsutum were evaluated for their drought tolerance in field condition. The genotypic responses to well watered (W1) and water stressed (W2) conditions were assessed at the CEMB Punjab University field. The experimental land was prepared during the month of February 2011 by giving two crosswise plowing, followed by cold crushing and leveling. The land was saturated with irrigation water when it became ready for sowing; the land was plowed twice with a disc harrow and with cultivator, followed by planking with patio and leveled properly for fine seed bed preparation.
Experimental design
Planting of all 90 accessions was completed during the 14 th day of March 2011 in three replications, following randomized complete block design (RCBD). Seeds were planted in rows 75 cm apart, each with plants spaced 25 cm within the rows and there were 10 plants in each row. The two water regimes were: (a) Plants under well watered conditions (W1) kept at field capacity, applied sowing irrigation once and 5 subsequent irrigations as necessary for usual crop growth and development; the total water applied including rainfall was (826 mm). (b) For water stressed (W2), sowing irrigation was applied once at planting and one supplemental irrigation 40 days after planting (DAS) was applied; the total water applied including rainfall was (632 mm). Chemical fertilizer was applied at the rate of 100-50-50 kg NP2O5-K2O ha -1 at the time of seedbed preparation. Appropriate control measures were used as needed for insect pests and weed control.
Measurement of growth and productivity traits
Plant height (cm) from the cotyledonary node to the apical bud was recorded with measuring tape and the average plant height from 5 plants was calculated for each replication. For numbers of nodes, five consecutive plants from each variety in each replication were taken for recording the number of nodes, starting with the node above the cotyledons as node one; the number of main stem nodes was counted. The harvest of seed cotton yield per plant (g) was completed in three picks from 5 plants for each replication of each genotype of water regime levels and weighed by electronic balance. Next, the average yield per plant was calculated. To determine the number of bolls per plant, mature bolls picked from 5 plants were counted and averaged. Individual boll weight (g) was calculated by dividing total weight of seed cotton picked over total number of bolls picked.
Statistical analysis
Analysis of variance for the RCBD experiment, was performed with Statistical Analysis System SAS (SAS Institute, ver. 9.2 2008). The GLM procedure to evaluate the effects of drought application and genotypes on growth and productivity traits.
Statistical significance was assumed at 5 and 1% levels of probability. Broad-sense heritability was calculated with the formula of Lush (1940) . The correlation analysis was performed in Statistix® 8.1 statistical software. Selection index (Smith, 1936) based on the equal weight of all seedling traits was calculated and the genetic similarities within the tolerant and susceptible genotypes selected on the basis of selection index determined by GGE Biplot analysis software.
RESULTS

Analysis of variance for growth and productivity traits
The analysis of variance of means of growth and productivity traits revealed highly significant variations (P≤0.01) with respect to water levels and genotypes. The interaction between water levels and genotypes was also highly significant for boll weights and significant (P<0.05) for plant height, indicating differential responses of cultivars over irrigation treatments, but non-significant for the number of nodes, number of bolls and seed cotton yield, thus indicating that cultivars were fairly stable over irrigation regimes for these traits (Table 1 ). The mean data of all 90 genotypes indicated significant reductions in all growth and productivity traits of plants (data not shown).
Correlation coefficients
Correlation coefficients between means in the stressed and non-stressed conditions were positive and highly significant (P<0.01) for most of the traits (Table 2) . Boll number was positively correlated with plant height and number of nodes, while boll weights were negatively correlated with plant height and number of nodes. There were highly significant correlations between the seed cotton yield with number of bolls and boll weights ( Table  2) .
Components of variance, heritability and genetic advance estimates
Higher values of heritability indicated that the trait can be improved by selection and breeding, while selection on the basis of low heritability may be misleading due to more influence of environment on the genetic make-up (Singh, 2004; Nadarajan and Gunasekaran, 2005) . The components of variance, heritability and genetic advance estimates for growth and productivity traits were obtained. For plant height, the genotypic and phenotypic variances were higher than environmental variances, indicating that plant height was genetically controlled and selection may be successful due to presence of high genetic variation (Table 3) . For Individual boll weight (g), the environmental coefficient of variance occupied the lowest category at all levels, which indicated low environmental influences on the expression of this trait (Table 5) . Also, genotypic and phenotypic variances were higher than environmental variances; indicating that selection will be effective in Individual boll weight (Table  6 ). The seed cotton yields environmental coefficient of variance occupied lower category than the phenotypic coefficient of variance and higher than the genotypic coefficient of variance, which indicated moderate environmental influences on the expression of seed cotton yield per plant (Table 7) . Regarding the numbers of nodes, the environmental influences were observed due to the wide gap between genotypic and phenotypic variance. Moreover, heritability and genetic advance values were low, which suggested that number of nodes is largely influenced by environmental factors (Table 4) .
Selection index
Different genotypes occupy variable rank for all traits with respect to different water levels. Thus, making selection on this material is very difficult and complicated. To simplify this, a selection index was arranged giving an equal weight to all the growth and yield traits studied. Thus, the genotypes which collectively achieved highest or lowest performance on the basis of all traits were selected. Selection index was performed by operating the well-watered, water-stressed and relative means of all traits. Single trait and multi-trait selection using GGE biplot were performed. The data were scaled by trait maxima for selection index (SI) calculation. Independent selection has the first priority. The overall cutting rate of 80% was selected of the entries, and the remaining 20% were promoted as the best performance for water limited condition (Table 8) These varieties can be selected as drought-tolerant for further investigation. CIM-446, NIAB-824, M-944-00-0243, Australia-407721, FH-1000 are the drought susceptible genotypes. Thus, these traits may be useful as a selection criterion in breeding programs with the objective of improving drought tolerance in cotton under waterlimited environments (Table 8) . 
DISCUSSION
Drought stress is one of the most important abiotic stresses manipulating performance of crop plants. Thus, the screening for identification or development of tolerant genotypes is of high importance for improving cotton production. In order to achieve such evidence in G. hirsutum, 90 genotypes were evaluated for growth and productivity traits under drought and well-watered conditions. This method distinguished drought-tolerant and non-tolerant genotypes. Assessment of genotypic responses to water stress was carried out using selection indices for water stress tolerance. Different scientists studied the plant growth at different stages of plant and development. Seed cotton yield per plant is determined by two basic traits, namely the boll number and boll weight. When water-shortage stress occurs during the flowering stage, seed cotton yield decreases due to square and young boll shedding (Cook and El-Zik, 1992) . Yield in cotton depends upon the interaction of several yield components like bolls per plant, boll weight under a set of particular environmental conditions. The significant correlation of seed cotton yield with number of bolls per plant and decline in boll number with drought in this study confirmed this association. This correlation results also supports the hypothesis that genotypic advantages selected under near-optimum growing conditions may be obtained under less favorable growing environments (Quisenberry et al., 1980) . Water stress circumstances reduced the boll weight; bolls per plant and eventually seed cotton yield were seriously affected under water stress as compared to normal irrigation conditions. Maurer (1991) also observed reduced bolls per plant in stress conditions. Plant height also regulates the yield in the sense that as plant height rises, both the number of fruiting branches and number of bolls also increases, accordingly yield also increases. In the present study, the varieties revealed significant diversity for growth and productivity traits in relation to water regimes. The performance of cotton genotypes under water stress condition revealed that different genotypes occupied variable rank for all traits at water stress. For example, MNH670 and MNH552 had maximum seed cotton yield and plant heights, but MNH807 had the highest boll number, thus, making selection on these genotypes difficult and resulting in many complications. However, in this study, selection criteria were based on five traits studied and those genotypes were selected, which performed well on the basis of all traits. The cultivar MNH670 and MNH807 showed high water stress tolerance as compared to other cultivars. Ullah et al. (2008) observed that seed cotton yield and growth were clearly affected in all cultivars, except few genotypes which showed their advantage over others in water stress tolerance.
Conclusion
According to the selection index, the top 15 genotypes (MNH-6070, MNH-552, SLS-1, MNH-812, MNH-806, MNH-636, FH-113, 4 F, MS-40, CIM-1100 , 1021 , L.S.S, MNH-807, FH-682 and 841/52) promoted as top performance for water limited conditions can be used as a female parent (line) in further study. However, the lowest five genotypes (CIM-446, NIAB-824, M-944-00-0243, Australia-407721 and FH-1000) which showed low performance were selected as drought susceptible, and can be used as male parent (tester) for hybridization with the above nominated drought tolerant lines for further investigations.
